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多囊卵巢综合征（polycystic ovarian syndrome, PCOS）是以稀发排卵或无排
卵、高雄激素或胰岛素抵抗、多囊卵巢为特征的内分泌紊乱的症候群，复杂且具
有异质性，是婚育年龄妇女中最常见的内分泌紊乱疾病。PCOS的病因较为复杂，
已有研究证明类雌激素化合物双酚 A暴露（bisphenol A, BPA）与 PCOS的发病
有关，说明环境中的内分泌干扰物与 PCOS发病存在一定的联系。 
本研究以大鼠为实验动物模型，以三丁基锡（tributyltin, TBT）作为类雄激
素化合物的典型代表，探究 TBT（10 ng/kg/d、100 ng/kg/d）能否诱导 PCOS相关
症状，同时以 BPA（50 μg/kg/d）为阳性对照，探讨 TBT与 BPA联合暴露（TBT 
100 ng/kg + BPA 50 μg/kg）的毒性效应。结果显示： 






3）使得其作用相关受体 RXRα, RXRβ, RXRγ 及 PPARγ蛋白表达水平升高，
同时与雄激素合成及调控相关的蛋白 CYP19, FSHR, GATA4 及 SET蛋
白表达与 TBT暴露呈剂量依赖性上升，同时联合暴露组变化最大。 
上述结果表明，环境类雄激素化合物 TBT 也可以诱导雌性大鼠表现出类





















Polycystic ovarian syndrome (PCOS) is the most common endocrine abnormality 
in reproductive-age females, characterized by hyperandrogenaemia, insulin resistance, 
chronic anovulation and cystic follicles. The potential influence of environmental 
endocrine disrupting chemicals on the development of PCOS has been suggested 
because some studies have revealed that bisphenol A (BPA) could induce PCOS. 
In the present study, a 16 days exposure experiment to the typical androgenic 
chemical tributyltin (TBT) and BPA (as a positive control), single and in binary 
mixtures, was conducted with Sprague-Dawley rat as an in vivo model. Neonatal 
female rats were injected subcutaneously, daily from postnatal day 1 (PND1) to PND16 
with BPA (50 μg/kg/d), TBT (10 ng/kg/d, 100 ng/kg/d), and BPA (50 μg/kg/d) 
combined with TBT (100 ng/kg/d). Our results showed that: 
1) Animals exposed to TBT or TBT combined with BPA presented irregular estrous 
cyclicity in adulthood, including significant longer metestrus period, shorter proestrus 
and diestrus period. TBT or BPA exposure induced serum testosterone and luteinizing 
hormone, while decreased sex hormone-binding globulin. 
2) The treatment animals had altered ovarian morphology, showed a higher number 
of cysts and atretic follicles, lower number of corpora lutea, and antral follicles. 
3) The expression of receptors (RXRα, RXRβ, RXRγ and PPARγ) and several 
proteins (CYP19, FSHR, GATA4, and SET) that involved in biosynthesizing and 
regulate of androgen were induced in a dose-dependent manner when TBT was given 
alone. Combination of TBT and BPA enhanced their expression compared to their 
separate administration.  
Taken together, our results indicated that neonatal exposure to TBT and BPA could 
induce PCOS-like syndrome in adult rat. The combination of these two contaminants 
showed a synergistic effect. 

























患有 PCOS的病人通常有很高的风险患二型糖尿病与心血管疾病[3, 4]。 











































































1.2.2 类雌激素化合物双酚 A污染现状及其毒性研究 









图 1-1 BPA的化学结构 




会分解释放出 BPA。经估算，母乳喂养的新生儿摄入的 BPA 量达 0.25 μg/kg/d，
而使用聚碳酸酯塑料奶瓶进行奶粉泡制或其他饮品喂养的新生儿摄入量可达 8.3 
μg /kg/d[21]。 























1.2.2.3 双酚 A与 PCOS相关性的研究进展 
有研究表明，PCOS病人血清中 BPA水平显著高于那些排卵规律、无高雄激
素血症的正常妇女。多元回归分析显示 BPA 与 PCOS 呈显著相关性，同时，
Pearson 相关分析证实 BPA 与血清中性激素水平显著相关[26]。这说明 BPA 可能


















































在美国，人体血液中 TBT浓度达 8.18 ng/ml；在日本人体肝脏中 TBT浓度
达 59-96 ng/g wet wt；在加拿大 7 个城市大型连锁超市网点购买的贝类产品中
TBT含量在 233 ng/g wet wt以上；在台湾港口收集的鱼类肌肉中 TBT平均浓度
为 308.7 ng/g wet wt；国内一些近海、港湾和内河港口有机锡污染也特别严重。
大连、天津、青岛、北海、秦皇岛和烟台等港口采样测定，发现样点无一例外地








体指数（Gonad somatic index, GSI）的降低及卵巢中卵黄期滤泡数量减少[34]。雄
性小鼠暴露于 TBT会诱导精巢和血清中 T升高，E2降低，同时抑制胰岛细胞的
增殖，并且促进胰岛细胞的凋亡[35]。TBT与视黄酸受体（retinoid X receptors, RXRs）
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